The main objective of this study was to improve the yield and quality of Edam cheese by application of reconstituted whole milk powder (WMP) and heat treated mesophilic adjunct culture of mesophilic bacteria to lactic starter. Edam cheese treatments Ta, Tb and control Tc were made by the traditional method from (WMP). Chemical properties were determined during manufacture and ripening. During ripening moisture, fat on dry matter basis, pH values and lactose contents decreased, while fat and protein content and fractions of nitrogen {(total nitrogen (TN), soluble nitrogen (SN), non protein nitrogen (TCA-SN), peptide-N and amino acid N (PTA-SN)} increased. Protein degradation, the amount of SN in cheese treatments Ta and Tb from the beginning until the end of ripening were higher than that of control cheese (Tc). On the other hand, TCA-SN content did not differ among the three cheese treatments when fresh and increased slowly during ripening.
INTRODUCTION
It is a well known fact that the annual production of milk in Egypt is very low. It amounts to almost 3.2 million tons/year. Increasing. Meanwhile the population increase imposes a serious problem in Egypt where it is now reaching almost 70 million inhabitants by the end of the year 2002. The rate of the annual population increase is about 3.7% by year. The low level of milk production can be attributed to several factors i.e. the comparatively a low number of milking animals. They include 5 million buffaloes and 2.5 million cows. About 65 % of milk is obtained from buffaloes while 34% come from of cows whereas goats and ewes milk accounts for only 1% of milk production which is of a minor industrial value. Also, the hot climate of Egypt, around 35°C, predominates during six months of the year (May-October) and inadequate refrigeration facilities represent negative impact on the development of the dairy industry in Egypt (El-Koussy, 1988) . Cheese is a rich source of essential nutrients; in particular, proteins, bioactive peptides, amino acids, fat, fatty acids, vitamins and minerals (Barbara Walther et al., 2008 ). The manufacture of cheese from recombined milk is now a well established technology (Gilles and Lawrence, 1981) . Worldwide demand for milk products is increasing but in developing countries raw milk supplies are frequently unable to meet the need of the consumer demand. Also dairy products made from recombined milk are particularly important in these countries. Fermented milk products such as yogurt and fresh cheeses can readily be manufactured from recombined milk, but its difficult to produce hard and semi-hard cheeses. Several attempts have been made to modify the cheese processing steps for successful use of whole milk powder (Sharker et al., 1988) , milk concentrated by ultra-filtration (El-Shibiny et al. 1991 , Renner and Abd El-Salam 1991 , Sutherland and Jameson 1981 . Edam cheese is one of the Dutch cheese varieties that has gained popularity in Egypt. Edam cheese has a spherical shape, semi-hard to hard consistency and smooth texture with small holes (Walstra et al., 1993) . Pahkala et al., (1985) made Edam cheese from pasteurized milk concentrated by ultrafiltration to different levels of solids. They found that Edam of best sensory characteristics was obtained from two folds concentrated milk, and milk
retentates of higher solids gave cheese of inferior quality. Tungjaroenchai et al., (2001) studied that the influence of four different adjunct cultures on characteristics of reduced fat Edam cheese in terms of proteolysis and sensory quality during ripening. Adding heat treated whole cell of lactic acid bacteria to cheesemilk for enhancement of flavor development in cheese has been reported previously (Petterson and Sjostrom 1975; El-Soda et al., 1988; El-Tanboly 1991; Ramasamy and Narasimhan Khan,1997 and Hassan 2000) . The aim of the present work was to study the effect of heat treated whole biomass cells of mixed mesophilic strains as an adjunct to lactic starter on biochemical, sensory characteristics and quality in Edam cheese manufactured from reconstituted whole milk powder (WMP).
MATERIALS AND METHODS
Whole milk powder WMP from Olsztyn, Poland was used. The milk was standardized to 3.2% fat. Calf rennet (HA-LA) powder was obtained from Chr. Hansen's Laboratorium, Copenhagen, Denmark A/S. Calcium chloride was obtained from Merck, Darmstadt, Germany. Mixed strains of mesophilic lactic starter bacteria 022, composed of Lactococcus lactis subsp.Lactis 1200, Lactococcus lactis biovar diacetylactis 249, Lactococcus lactis subsp. cremoris 024 , and Leuconostoc mesenteroides subsp. cremoris N9) were obtained from the production laboratory of Dairy Biopreparation in Olsztyn, Pola nd. Commercial grade fine salt was purchased from the local market, produced by El-Nasr Company, Alexandria, Egypt.
The mixed cultures were inoculated at 2% level into sterile 11.5% reconstituted non-fat dry milk (NFDM). It was subcultured at least twice for 18 h at 23°C before treatment. Biomass cells were heat treated by adding 1.8 kg of mesophilic culture to use about 18 kg whole milk at 60 or 70°C. After 18 sec, 77 kg of milk at 9°C was added and rapidly cooled the heated milk to about 37°C. Milk for control cheese was prepared in the same manner including the addition of 1.8 kg of uncultured 11.5% NFDM (Bartels et al., 1987) . Edam cheese make as described by El-Tanboly (1991) from three trials Ta and Tb and Tc (control) of reconstituted WMP with heat treated mixed mesophilic bacteria as an adjunct to lactic starter (The whole milk powder reconstituted to 20% total solids in preheated water then cooled to 40°C). After heat treat, a lactic starter culture was added at the rate of 2% to the milk. The milk was ripened for 1 h at 31°C. Calf rennet (HA-LA) powder (3 g per 100kg) was added and the curd was cut after 3 0 min. The curd was stirred for 30 min and one-half of the whey was drained. W ater at 52°C, equal to 20% of the original milk volume, was added to raise the temperature of the curd to 38°C. The curd was held at this temperature for 35 to 45 min and fused into a block under the whey. After the whey was drained, the curd was pressed overnight and brined for 2 days to obtain a salt content of approximately 1.7%. The cheese was allowed to develop a light rind and was then vacuum-packed in polyethylene bags and stored at 13°C and 80-90% relative humidity for 10 weeks.
Samples of milk, whey and Edam cheese were taken during making and ripening. pH was measured by pH-meter 646 with glass electrodes ( Ingold, Knick, Germany). Titratable acidity was determined according to AOAC (1990) . Moisture, fat and lactose contents were estimated using standard methods as described by Petterson and Sjostrom (1975) . Salt, Calcium and Phosphorus contents were determined according to method of Budslawki and Drabent (1972) .
Proteolysis in cheese was measured when fresh and after 6 and 10 weeks of ripening period by determination of N contents using the Kjeldahl method as described by Ardo and Pettersson (1994) . Total N (TN) was determined in a 0.1 M-trisodium citrate extract. Soluble-N (SN) was determined by precipitation at the isoelectric pH (4.6) for casein. To one part of the filtrate obtained an equal volume of water and 10% tricholoroacetic acid (TCA) were added to determine Non protein nitrogen (TCA-SN). The difference between TN and SN is referred to as the casein fraction . To another diluted part of the SN filtrate was added 2.5% phosphotungstic acid (PTA) and 8.75% sulphuric acid for determination of peptide-N and amino acid N (PTA-SN).
The cheeses were evaluated organoleptically by a team of experienced cheese graders. The cheeses were graded for appearance (5 points), body and texture (holes, color and consistency) (5 points), aroma (3 points) and taste (8 points) according to Kubis et al., (2001) .
The data of all experiments were presented as the means of triplicate analysis. Statistical analysis was carried out using analysis of variance (ANOVA) and the differences between means were tested using Duncan's test as well as average computer program (SPSS,1999) at P < 0.05. Table 1 shows the main features of cheese making technique process from thre trials Ta, Tb and Tc. Viable cell counts of the mesophilic lactic starter bacteria were estimated following the growth in NFDM medium and after heating. In trials Ta and Tb 92 % and 94 % of the cells were killed respectively, it could be due to heating (as calculated from starter before and after heat treatment). It could be observed that increased the total solids in the reconstituted whole milk powder (WMP), fat and protein content, and consequently increased the acidity. Titratable acidity ranged from 0.26 to 0.32 %, and that attributed to the higher total solids of WMP. The pH value was between 6.28 and 6.40. Titratable acidity of whey derived from Tc cheese was higher than that in whey of Ta and Tb treatments. This could be due to the more loss of protein and fat in whey during cheese making (Omar 1977). The fat and protein content in reconstituted milk was high, this gave the expectation that the cheese yield would be increased. Ta treatment had the highest yield (20.01 %), compared wiyh the control (13.89%), followed by Tb treatment (6.49%). Differences in recovery of non protein nitrogen (NPN), total nitrogen (TN) and fat and cheese yield for the three cheese trials were found to be significant (p < 0.01). Analysis of variance revealed that dependency of cheese yield as a function of milk and whey compounds was highly significant (p < 0.05). It was shown by the results of cheese yield that cheese Ta had higher yield than that of Tb and Tc. It could be due to increase loss of milk compounds such as (fat, protein and some of elements) in the whey of Tb and Tc treatments in addition to the recovery of fat, total nitrogen and non protein nitrogen of Ta was higher than that of Tb and Tc treatments.
RESULTS AND DISCUSSION
The chemical composition of Edam cheese was almost identical between the control and experimental vats within a single heat treated trials ( Table 2 ). The results reveal that, there are a variable moisture content in all treatments significantly decreased throughout the ripening period (P < 0.05). Furthermore, cheeses Ta, Tb and Tc had moisture content of 43.67 %, 45.97 % and 46.60 %, respectively at the beginning of ripening period (Table 2) . This result is in agreement with those reported by Mostafa (1999) ; El-Shibiny et al., (1991) ; El-Tanboly et al., ( 2000) and Ibrahim et al., ( 2011) . After 10 weeks of ripening, moisture content reached to 41.77, 43.62 and 44.76%, in the same order. It could be attributed to the evaporation during ripening. These results were higher than that obtained by Abd- Rabou et al., (2010) . Tc Edam cheese had the highest fat content, whereas, it had the lowest protein contents at the end of ripening period 24.90 and 25%, respectively. Calcium and phosphorus contents were at the same ratio in all treatments. These results of gross chemical composition of Edam cheese exhibited nearly the same trend as previously reported by (Omar 1977 , El-Hofi 1998 -2000 , El-Sheikh et al., 1999 and Ibrahim et al., 2011 . While, it was higher than that reported by Abd- Rabou et al., (2010) . Analysis of variance showed that there are significant differences of moisture, protein, salt, calcium, phosphorus and titratable acidity between all treatments (P < 0.05) with LSD = 0.6745, 0.5034, 0.1182, 0.02, 0.0283 and 0.0728, respectively. Whereas, there were no significantly differences of fat and pH values.
The amount of pH 4.6-soluble N (SN) in cheese Ta and Tb at the beginning of ripening was larger than in cheese TC , while the amount of pH 4.6-Insoluble N (ISN) runs on parallel lines with the amount of SN (Table 3) . Changes of SN and ISN during ripening are shown in Fig. 1 . At the end of 10 weeks, the highest SN and the lowest ISN content were recorded for the cheese Ta, where the obtained values were 25.15 , 23.56 and 21.60 % for SN and 74.85, 76.44 and 78. 40 % of ISN for cheese Ta, Tb and TC, respectively. From the results obtained above, it can be seen that the SN percentage in Edam cheese accounts for about or less than 25% of TN (Omar 1977) . These results indicate that the release of SN in cheese made from dry milk takes place at a slower rate than that in cheese made from fresh milk. Czuiak and Hammond (1974) gave similar results. They reported that cheese manufactured from reconstituted milk, ripened more slowly than that made from natural milk. The data show in Fig.1 and Table 3 indicate that there was no considerable differences TCA-SN content between the three cheese Trials when fresh and before ripening period. Tb : cheese made from reconstituted milk + heat treated starter at 70°C /18 sec. Tc : control cheese Means with the same letters in the same raw are not significantly different. FDM**:fat in dry matter N.D***: Not determined LSD= Least Significant Difference
The amount of TCA-SN increased slowly during the cheese ripening to be 10. 36, 10.71 and 12.9% of TN, and 41.23, 45.9 and 56. 65 % of SN in cheese Ta, Tb and TC, respectively at the end of 10 weeks ripening period. Similar results were reported on Edam cheese ripening (El-Tanboly, 1991; Mostafa, 1999 and Hassan, 2000) .
Fresh cheese Tb had higher peptide-N content than those of Ta and TC. These differences from cheese Tb may be due to the level of TN at the beginning ripening (Table 3. ). At the end of 10 weeks ripening, the peptide-N content increased in cheese Ta, being 4.62% of TN and 18.28% of SN. This content of peptide-N was higher than that in cheese Tb and TC which had values of 3.58% and 3.46% for TN, 15.3 and 16.39% for SN, respectively. The amounts of amino acid N (PTA-SN) of cheese was increased progressively during ripening (Table 3 ). After 10 weeks ripening AAN contents were 8.75, 6.54, 6.97% of TN, 34.95, 28.25, 32 .65% of SN in cheese in cheese Ta, Tb and TC, respectively. Similar results were reported by Bartels et al., (1987) , Ardo and Pettersson (1994) and Ramasamy and Narasimhan Khan (1997) .
The increase of peptide-N and AAN content observed in this study runs on parallel line with the soluble content during ripening and that agreed with that reported for traditional Edam cheese. Fig.1 : Protein breakdown in Edam cheese made from the whole milk powder and heat treated mesophilic starter culture during ripening. No significant differences (p < 0.05) were found between the cheese trials in appearance (Table 4 ). The cheese had rectangular size covered with smooth surface of blistered paraffin, therefore, all cheeses were 5 points. In addition, the color was uniform yellow and a few round or oval eyes were uniformly distributed within the cheese matrix. An elastic consistency was noted more in cheese Ta and some of cheese Tb while brittle consistency was observed in cheese Tc. However, the internal evaluation of body and texture awarded 4.3 points in cheese Ta , 3.8 points in cheese Tb and 3.4 in cheese Tc (Table 4 ). The mean score for flavor (aroma and taste), in cheese Ta and Tb was nearly typical as in Edam cheese, delicate and pure. Some samples had piquant or bitter taste and both cheeses Ta and Tb awarded 8.8 points for flavor, while 7 points were scored for cheese Tc due to the salty and bitterness taste and without of pure aroma. It is of interest that all cheeses did not gain the maximum scores (21 points). Cheese Ta obtained the higher points 17.8 whereas cheese Tc obtained the lowest points 15.4 and cheese Tb 17.6 points. The slightly difference in the pH, peptide-N and AAN contents in cheese Ta may be the important factors responsible for the increasing of the scores of organoleptic evaluations.
An attention must be drawn to the fact that no difference in flavor was found between cheese Ta and Tb. Thus, the flavor of the cheese made from whole dry milk can be attributed to a complex chemical factors occur during milk and cheese processing. These results also had the same trend as those reported by Czuiak and Hammond (1974) and El-Tanboly et al., (2000) . It was evident from the results a satisfactory Edam cheese can be manufactured from reconstituted WMP and heat treated mesophilic starter culture to improve sensory characteristics in Edam cheese. 
